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METHOD OF PRODUCING ALUMINA-SILICA CATALYST SUPPORTS 



Background Of The Invention 



[0001] The present invention relates to ceramic monolithic catalyst or catalyst 
supports, and, in particular, a process of manufacturing alumina-silica honeycomb 
catalysts or catalyst supports. 

[0002] The petrochemical industries currently use a variety of pellet type 
structures formed of gamma alumina or other oxides, e.g., pellets, pills, beads, rings, 
trilobes, stars, and so forth, as catalysts or catalyst support media for catalytic 
reactions. These structures are typically formed by extrusion from batch mixtures of 
alumina or other selected oxides, followed by drying and calcining. Pellet beds, 
however, tend to exhibit relatively high flow resistance, and also develop preferential 
flow paths which exhaust portions of the catalyst while leaving other portions 
relatively unused. 

[0003] Monolithic catalyst supports, such as honeycomb structures, have been 
proposed as an alternative to the aforementioned pellet type structures for providing 
several advantages. These including lower pressure drop, greater surface area, 
higher yield, higher selectivity, and more compact reactor designs. Generally, 
ceramic honeycombs are used in applications in which the monolithic substrate 
serves simply as a physical structural support for a chemically active, high-surface- 
area catalyst coating (e.g., a washcoating of alumina deposited on the channel walls 
of the ceramic honeycomb.) However, for many applications porous washcoatings 
are inadequate and catalysts or catalyst supports made up mostly or entirely of 
active, high surface area material must instead be used. 
[0004] One such application is the hydro-desulfurization of fossil fuels in the 
petrochemical industry to make low sulfur gasoline and diesel fuels. Since the 
reaction kinetics are the slow step in such processes, it is important to provide a 
relatively large accessible BET catalyst support surface (more catalyst sites in a 
given volume) in order to allow the most effective use of reactor volume. This in turn 
requires that the entire volume of the catalyst or catalyst support structure be made 
of active, high-surface-area material, and that the pore structure of the material be 
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such that that the reactants can diffuse in and products diffuse out of the volume of 
the catalyst support effectively over relatively long distances. 
[0005] U.S. Patent No. 4,631 ,267 relates to the manufacture of extruded 
honeycombs of alumina, silica and titania compositions that incorporate precursors 
for permanent silica, alumina and titania binders in powdered alumina, titania or 
silica extrusion batches. The precursors for the permanent binders are generally 
liquid solutions or dispersions of oxide-yielding compounds such as titanium 
isopropoxide or silicone solutions or hydrated alumina slurries, these being 
converted to small crystallite bonding deposits of the respective oxides on firing. 
[0006] U.S. Patent No. 6,365,259 relates to the manufacture of extruded 
honeycombs of gamma alumina compositions absent permanent binders in the 
starting batches. The forming process includes providing a powder component of 
alumina powders including at least one anhydrous alumina powder, which is 
combined with water, an acid, and a plasticizing temporary binder to form a 
plasticized mixture. The plasticized mixture is extruded into a honeycomb structure, 
which is dried and fired. 

[0007] However, there still remains a need for a process of making silica-alumina 
catalyst supports of high-surface area, in an effective and economic manner. 



Summary Of The Invention 



[0008] Accordingly, the invention is a method of making an alumina-silica catalyst 
support which includes the steps of providing a homogenous plasticized batch 
comprising an alumina-silica powder component in combination with a liquid, an 
organic binder and an acid of at least 0.25% by weight of the mixture, wherein the 
alumina-silica powder component is compounded to yield a composition consisting 
essentially of 2-25 wt.% silica and 75-98 wt.% alumina; extruding the plasticized 
batch to form a green preform;drying the green preform; and, heating the green 
preform to a temperature and for a time to provide an alumina-silica body with a 
surface area of at least 180 m 2 /g suitable for use as a catalyst support. 
[0009] The resulting alumina-silica catalyst supports have a surface area of at 
least 180 m 2 /g, preferably at least 250 m 2 /g, and more preferably 300 m 2 /g, in 
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combination with high strength of at least 400 psi as measured in four-point bending 
on a rod, and high pore volume of at least 0.5 cc/g, preferably at least 1 .0 cc/g, and 
more preferably at least 1 .25 cc/g. 

Detailed Description Of The Invention 

[0010] There is provided a method of forming a high-surface-area alumina-silica 
catalyst support, by direct honeycomb extrusion of plastically deformable batches 
including an alumina-silica powder component in combination with an acid, water, 
and an organic binder. Optional batch additions may include one or more 
surfactants, lubricants or other mixing or extrusion aids, although these are not 
required to obtain strong, high-surface-area products. 

[001 1] The alumina-silica powder component is composed of alumina and silica- 
source powders. In one embodiment the alumina-silica powder component is a 
mixture of 5-60 wt.% fused quartz powder as the silica-source, the remainder an 
alumina-source selected from the group consisting of gamma-alumina, boehmite, 
pseudo-boehmite powders. 

[0012] In another embodiment the alumina-silica powder component is prepared 
from a slurry comprising a silicon alkoxide as the silica-source, and an alumina- 
source selected from the group consisting of aluminum oxide, aluminum hydroxide, 
aluminum oxyhydroxide and mixtures thereof. Other suitable silica sources may 
include sodium silicate, silica gel, silicic acid, fumed or precipitated silica. The silica- 
source material comprises 20-85% by weight of the total material in the slurry on a 
water-free (dry) basis. Preferably, the silica-source material comprises 35-60% by 
weight of the total material in the slurry on a water-free (dry) basis. The slurry is 
spray dried according to conventional methods to form a powder having a median 
particle diameter of 10-25 micrometers. Next, the powder is heated at a temperature 
of 500-700°C for a period of 1-5 hours to form a calcined alumina-silica-containing 
material. 

[0013] In another embodiment the alumina-silica powder component is prepared 
from a slurry comprising 2-30% by weight of an alumina-source selected from the 
group consisting of aluminum oxide, aluminum oxyhydroxide and mixtures thereof. 
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The slurry is spray dried according to conventional methods to form a powder having 
a median particle diameter of 10-25 micrometers. Next, the powder is heated at a 
temperature of 500-700°C for a period of 1-5 hours to form a calcined alumina- 
containing material. The spray dried and calcined alumina-containing material is 
combined with a silica-source such as silicon alkoxide and re-formed into a slurry, 
which is then spray dried to form an alumina-silica material having a median particle 
diameter of 10-25 micrometers. 

[0014] In another embodiment the alumina-silica powder component is prepared 
from a slurry comprising 2-30% by weight of an alumina-source selected from the 
group consisting of aluminum oxide, aluminum oxyhydroxide and mixtures thereof. 
The slurry is spray dried according to conventional methods to form a powder having 
a median particle diameter of 1 0-25 micrometers. Next, the powder is heated at a 
temperature of 500-700°C for a period of 1-5 hours to form a calcined alumina- 
containing material. A silica-source, such as silicon alkoxide, which contains -30 
wt.% equivalent silica, in an amount of 6-53 % by weight, to yield 2-25 wt% silica 
after calcinations, is added to the calcined alumina-containing material to obtain an 
alumina-silica material. The amount of silicon alkoxide chosen is effected by its 
equivalent silica content, which is affected by the extent of hydrolysis, dilution by a 
miscible agent, such as alcohol, and amount of suspended colloidal silica or silicon 
hydroxide. 

[0015] In addition to the alumina-silica powder component, the batch further 
includes an acid. The use of acetic acid is particularly preferred, although other 
short-chain organic acids such as forming acid are also suitable. Acid is used in an 
amount of at least 2% by weight, and preferably 2-5% by weight of based on the total 
weight of the dry materials in the batch. The acid in the amount described is added 
to the batch together with the remaining components. Alternatively, the acid may be 
added to the slurry prior to spray drying. 

[0016] The inclusion of an inorganic binder in the honeycomb formulations of the 
invention is helpful to improve the plasticity of the compounded batch for better 
extrusion characteristics. Suitable organic binders include cellulose ether binders 
such as methyl cellulose, commercially available as Methocel cellulose ether 
products from the Dow Chemical Co. 
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[0017] The weight proportions of the alumina-silica powder component, acid, 
organic binder and water may be adjusted as necessary to obtain a consistency and 
plasticity desirable for extrusion, together with a wet strength adequate for handling 
the honeycombs after forming but before firing. Generally, 1-10 wt.% of the selected 
organic binder are added based on the total weight of the dry materials. Other 
extrusion aids, such as surfactant, if present, will normally not exceed about 2 wt.% 
based on the total weight of the dry materials, if conventional materials such as 
sodium stearate or stearic acid are used. 

[0018] Prior to introducing the liquid ingredients into the batch, it is desirable that 
the dry batch components be first thoroughly mixed, for example, in dry blending 
equipment such as a Littleford™ mixer. Thereafter, the blended dry batch can be 
transferred to batch blending and plasticizing apparatus such as a mix-muller for 
combination with the liquid ingredients of the batch. If desired, the plasticized batch 
produced by the muller or other mixer may then be pre-extruded through a spaghetti 
die one or several times, to complete the mixing process and remove any air 
inclusions from the mixture prior to final forming. 

[0019] Forming of the plasticized batch into honeycombs or other products can be 
carried out utilizing ordinary extrusion equipment together with any of the known 
ceramic honeycomb dies employed for honeycomb extrusion in the prior art. The 
handling characteristics of the batches provided according to the invention are such 
that a relatively wide range of honeycomb geometries can readily be produced. 
Honeycombs having cell wall thicknesses in the range of 0.1 -2mm and cell densities 
in the range of 10-600 cells/in 2 of honeycomb cross-section can be formed with 
commercially available ceramic ram or screw extruders and ceramic honeycomb 
extrusion dies of appropriately selected dimensions and cell shapes. 
[0020] Extruded honeycomb shapes produced as above described may be dried 
in accordance with practices conventional for the production of ceramic 
honeycombs. Firing of the dried honeycombs is carried out at relatively low 
temperatures, generally in the range of 500-1 000°C with a hold at top temperature of 
1-5 hours. 

[0021] The invention is further described in the following examples, which are 
intended to be illustrative rather than limiting. 
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EXAMPLES 



[0022] Batches for extruded alumina-silica honeycombs are compounded by first 
preparing an alumina-silica powder. In Examples 1 the alumina-silica powder 
includes 81 wt.% of LaRoche Versal GH-22-140M gamma-alumina powder, 9 wt.% 
LaRoche V-700 pseudo-boehmite (alumina hydrate) powder (available from 
LaRoche Industries, Inc.), and 10 wt.% fused quartz 44I CE Mineral, such that a 
silica content of 10 wt.% is obtained in the final product. 
[0023] In Example 2 the alumina-silica powder is prepared from a slurry of 
boehmite alumina (hydrated alumina) powder (available from Alcoa or Sasol) and 
hydrolyzed tetraethylortho silicate (TEOS) (available from Silbond) formulated to 
yield 5 wt.% silica and 95 wt.% alumina after calcination. The slurry is spray dried 
using a commercially available spray drier, such as Niro MobleMinor Model 2000 
Type H, to form a powdered material having a median particle size of 15.52 
micrometers, and then calcined (heated) at 600°C for 1 hour. 
[0024] In Example 3 a slurry of boehmite alumina powder and ethyl polysilicate 
Silbond® 40 (available from Silbond® Corp.) is prepared and formulated to yield 5 
wt.% silica and 95 wt.% alumina after calcination. The slurry is spray dried to form a 
powdered material having a median particle size of 18.15 micrometers, and then 
calcined at 600°C for 1 hour. 

[0025] In Example 4 a slurry of boehmite alumina powder having a solid loading 
of 20-30 wt.% is prepared. The slurry is spray dried, and the resulting particulate 
material is calcined at 600°C for 1 hour. A second slurry is prepared including the 
calcined alumina material and TEOS in an amount formulated to yield 5 wt.% silica 
and 95 wt.% alumina after calcination. The calcined alumina-TEOS slurry is spray 
dried to obtain a powder having a particle size of 20.27 micrometers. The resulting 
powdered material is not calcined. 

[0026] In Example 5 a slurry of boehmite alumina powder having a solid loading 
of 20-30 wt.% is prepared. The slurry is spray dried to obtain an alumina powder 
having a particle size of 20.48 micrometers, and then calcined at 600°C for 1 hour. 
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The calcined alumina powder material is mixed with TEOS in an amount to yield a 5 
wt.% silica and 95 wt.% alumina material. 

[0027] The alumina-silica powdered material is charged into a Littleford™ mixer 
along with 6 wt.% of F40M methyl cellulose binder (available from Dow Chemical 
Co.). Acetic acid (2 wt.% for Example 1 , and 4 wt.% for Examples 2-5) is mixed with 
water and then combined with the dry ingredients in a mix-muller, the water being 
added in a proportion of about 30-200 wt.% based the alumina-silica powdered 
material. Mixing of the combined dry and liquid ingredients is effected to achieve 
homogeneity and plasticity in the batch. 

[0028] The batch thus prepared is loaded into a ram extruder and formed into 
green honeycomb and rod preforms. The honeycombs thus provided are about 3 
inches in diameter with a cell density of 100-200 cells per square inch and a cell wall 
thickness of 0.012-0.025 inches. 

[0029] The resulting wet preforms are dried and fired in air in a temperature- 
controlled oven by heating from 30-60°C over a heating interval of 150 hours while 
reducing the relative humidity (RH) in the oven from 95% to 50%. Next, the dried 
honeycombs are fired in an electric kiln to a peak temperature of 600°C. A set of 
samples according to Examples 2-5 are dielectrically (Dl) dried at a temperature of 
100°C for 10 minutes and then fired to a peak temperature of 600°C. 
[0030] The fired honeycombs and rods are then examined to determine pore 
volume (cc/g), and median pore diameter (A) by mercury intrusion porosimetry, BET 
surface area (m 2 /g), and modulus of rupture in four-point bending. The results are 
summarized in the Table provided. The data for Examples 2-5 is divided into RH for 
honeycomb samples dried under relative humidity conditions, Dl for honeycomb 
samples dried under dielectric drying conditions, and ROD for extruded rods. As the 
data shows all samples exhibited large surface area, high pore volume and good 
strength. 

[0031] It will become apparent to those skilled in the art that various modifications 
to the preferred embodiments of the invention as described herein can be made 
without departing from the spirit or scope of the invention as defined by the 
appended claims. 
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